Three positive psychology interventions (coping humor, three funny things, three good things) were compared with a placebo control condition (early memories) in a randomized placebo-controlled online trial. A total of 182 healthy participants participated in a one week web-based diary study and completed evaluation measures at pre, post, and one month follow-up. They were recruited via e-mail and have been primarily students. Primary outcomes have been happiness and depressive symptoms, secondary outcomes coping humor, cheerfulness (and its subscales), and subjective perceived change. The intention-to-treat analysis (ITT) using linear mixed models could not replicate the positive effects of past research. When compared to the control condition, only the coping humor intervention influenced primary outcomes (r = 0.24-0.29). Three funny things and three good things had no effects at all. Secondary outcomes showed only isolated effects, so that no uniform effect pattern was found for the interventions. Reasons for the small effects, such as motivation and psychosocial status of the participants, as well as recommendations for future studies are discussed.
Introduction
Positive Psychology is dedicated to the exploration of human flourishing (Seligman, 2011) . Several positive psychology interventions (PPI) have been developed to promote mental health and well-being by now. Indeed, meta-analyses have found small to medium effects of PPIs in increasing well-being while reducing depressive symptoms, especially in samples with psychosocial or other mental health related problems (Bolier et al., 2013; Sin and Lyubomirsky, 2009 ). Based on the positive effects of already established PPIs (Seligman et al., 2005) , new approaches are continuously being developed. In addition, researchers are testing PPIs in different samples (e.g. in clinical or non-clinical, young people or seniors) in order to gain a holistic picture of the possible applications of PPIs.
A promising approach in the area of PPIs is the use of humor. Positive psychology classifies humor as a character strength (Peterson and Seligman, 2004) that is positively associated with well-being and life satisfaction (Buschor et al., 2013; Martínez-Martí and Ruch, 2014) . Being humorous is seen as a personality trait that is defined as a general joyful and cheerful perspective on life (Peterson and Seligman, 2004) .
Humor contributes to the experience of positive emotions, such as amusement (Herring et al., 2011) , which play an important role in health, resilience and human flourishing (Fredrickson, 2004; Fredrickson and Joiner, 2002) . In addition, humor not only promotes positive emotions, but can also regulate negative emotions. Reappraising negative situations in a humorous way helps to change perspective and regulates negative affectivity. The emotional regulation function of humor has proven to be an important personal resource as it helps to cope better with stress and even trauma in non-clinical and clinical samples (Boerner et al., 2017; Fritz et al., 2017; Kuiper, 2012; Kugler and Kuhbandner, 2015; Labott and Martin, 1987; Martin and Lefcourt, 1983; Samson and Gross, 2012; Strick et al., 2009; Sliter et al., 2014) .
Due to its positive effects (experiencing positive emotions, regulating negative emotions), humor has positive influences on various aspects of life, e.g. physical/mental health, social interactions or cognitive processes (Martin, 2007; Ruch and Hofmann, 2017) . Therefore, it is not surprising that research focuses on the promotion of humor by implementing different forms of humor PPIs.
non-clinical and clinical studies that have shown increases in mental health-related constructs such as well-being, cheerfulness, or stress management while reduction in psychopathology such as depression, anxiety, or perceived stress with small to medium effects (Ruch and McGhee, 2014; Ruch and Hofmann, 2017) . Although humor training is a popular humor intervention, it does cause some difficulties. First, training usually takes weeks and is therefore relatively time-consuming. In addition, the training is tied to a specific place and discriminates against people in rural areas.
Recently, new and promising forms of humor interventions have emerged that overcome the above-mentioned shortcomings and already show small effects in their implementation: Self-managed web-based humor interventions have several advantages. They are both locationand time-independent and can be carried out autonomously. One of the best rated web-based humor interventions is the three funny things based on the well-known PPI by Seligman et al. (2005) three good things. The big difference, however, is to write down three funny things instead of three good things that happened during the day. Studies already suggest changes in happiness and depressive symptoms from the three funny things intervention, which remain stable until a six-month followup (Gander et al., 2013; Proyer et al., 2014; Wellenzohn et al., 2016a, b) . However, the effect sizes are still predominantly small. Based on these new results Wellenzohn et al. (2016a) developed further humorous web-based interventions such as applying humor, collecting funny things or solving stressful situations in a humorous way. They all showed a small effect in promoting happiness and reducing depressive symptoms.
In summary, it can be said that there are some recent studies that have developed web-based humor interventions. Most of them used the three funny things intervention, while other forms of humor interventions were only tested in one study. Further research is definitely needed to evaluate and replicate the results and draw informed conclusions about the potential impact of web-based humor interventions. This study attempts to close this gap by examining two humorous PPIs and one classic PPI and trying to replicate earlier results. However, it takes a more conservative statistical and methodological approach. We want to test whether the interventions can improve not only oftenstudied well-being outcomes (happiness and depression), but also basic humor-related constructs (since two interventions focus on humor). Furthermore, we will distinguish between completers and non-completers in order to consider this difference in the statistical analyses. This difference has not been considered until now.
Methods

Experimental conditions and research question
The present study attempts to examine the effects of two web-based humor interventions and a classic PPI in a healthy sample. Since the humor interventions are relatively new, we want to test the efficacy in a healthy sample before continuing to implement the interventions in more impaired groups.
We have selected two humor interventions from Wellenzohn et al.'s (2016a) study and will investigate them in depth. Both interventions include humor theory, but have different working mechanisms as they apply them. The first is three funny things where people have to record three funny things that happened during the day and how they felt in those situations for seven consecutive days in a diary. The intervention focuses on savoring funny situations and positive emotions. As already mentioned, experiencing positive emotions has a positive influence on people's health and well-being (Fredrickson, 2004; Fredrickson and Joiner, 2002) .
The second intervention is coping humor, which is based on Wellenzohn's solving stressful situations in a humorous way, and was modified by own considerations. In its original form, people have to think about a stress situation during the day on seven consecutive days and find out how it was (or could have been) solved in a humorous way.
In our study the participants had to actively and immediately cope every stress situation they experienced during the day with humor. To be able to do so, they received helpful instructions on techniques with coping humor and their application in daily life. In the evening, as they filled out the diary, they had to describe one of these situations of the day and explain how they used humor to feel better. The aim of the intervention is to train people to actively use humor to deal with everyday stress. Earlier studies found that humorous coping reduces negative emotions and supports the reappraisal of stress situations as less harmful (Samson et al., 2014; Samson and Gross, 2012) .
In summary, although both interventions focus on humor and positive emotions in everyday life, they differ greatly in their basic mechanisms. The first deals with the production and recall of humorous things and positive emotions in general, while the second deals with stressful experiences and an active production of humor in order to deal with these and the associated negative emotions in a beneficial way.
In addition to the two humor-based interventions, we also included the three good things intervention (Seligman et al., 2005) in the design of the study. As already mentioned, the intervention has already shown positive effects in several studies with healthy participants. We want to find out how the two humor-based interventions can be equal or more effective compared to this intervention. Finally, a placebo control condition was included (early memories; Seligman et al., 2005) , in which people had to write down three neutral memories of their past. This control condition is often used by PPI researchers (Gander et al., 2013; Proyer et al., 2014; Wellenzohn et al., 2016a, b; Seligman et al., 2005) , so we decided to include it in our design. We do not expect any changes in participation in this intervention, as the memory of neutral memories should not influence any psychological construct investigated in this study.
In summary, our study focuses on three objectives: 1) to test whether both humor-based interventions are superior in their results to the placebo control condition, 2) to investigate whether the two humorbased interventions show the same efficacy as the three good things intervention, and 3) to test whether the three good things intervention is superior to the placebo control condition.
Primary outcomes of the study are happiness and depressive symptoms. Since two interventions focus on humor, we have added the humor-related constructs coping humor (i.e., the ability to respond with humor to stress) and cheerfulness as secondary outcomes. In addition, we also added subjective perceived change in participants as secondary outcome.
Design
The design of the study was a randomized placebo-controlled trial. Participants were randomly assigned to one of the four groups based on an automated algorithm of the online platform on which the study was conducted. Outcome measures were applied at pre-intervention, postintervention, and at a one-month follow-up resulting in a 4 (groups) × 3 (time) mixed design. The study's protocol was approved by the ethics commission of the University of Salzburg (01/2017) and the study was active from March 2017 to June 2017.
Participants
Based on the calculations of G*Power 3.1 (Faul et al., 2007) a minimum sample size of 124 is required to detect a medium effect f = 0.25 (β = 0.80, α level = 0.05) between an experimental condition (three funny things, three good things, coping humor) and the placebo control (early memories). A small effect f = 0.10 (β = 0.80, α level = 0.05) is found in a sample of at least 732. Since most studies on PPIs, especially humor PPIs, show small to medium effects, we have tried to recruit as many people as possible to detect small effects. However, our final sample size (completing baseline measures and therefore entering analysis) was 182. The study was mainly advertised and carried out at the University of Salzburg. Persons who fulfilled the following inclusion criteria were invited to participate: legal age, no current psychotherapeutic treatment and no use of psychotropic drugs or illegal drugs in the last six months.
As a reward for their participation, psychology students received additional credits for their studies and participants who did not require additional credits could take part in a competition for Amazon vouchers (value: 5 × 10 €).
Procedure
The study was advertised by e-mail to all students of the University of Salzburg. If someone wanted to participate in the study, they could click on the link provided and read the general information as well as the informed consent of the study. After approval, the participants were automatically directed to the inclusion criteria query. Participants had to indicate whether they were over 18 years old, in psychotherapy or currently taking psychotropic drugs/illegal drugs. If one or more criteria were met, they were excluded from the study and automatically directed to the last page of the survey. If they met the inclusion criteria, they were forwarded to the pre-intervention measures that were completed prior to grouping. Once the questionnaires had been completed, the persons were randomly assigned to one of the four intervention groups and given appropriate guidance on their intervention. However, the participants could not start their tasks immediately after the instructions, but were forced to start with a one-day delay in order to be able to carry out their task properly on the first day (cope with humor, being receptive to three funny/good things).
Starting on the second day of the study, the participants returned to the online platform every evening for seven consecutive days and filled in their diaries. The study leader sent daily reminders to all participants to complete the diary and checked each diary entry for timely submission. Participants could submit their daily diary entry by the next day at 12 noon. If a participant did not submit their diary entry in time, the study director assessed it as missing. Participants who missed more than two entries were classified as non-completers. Only participants who completed five or more entries in the prescribed time were classified as completers. One week after the last diary entry, participants received the post-intervention measures. Finally, one month later, the respondents received follow-up measures and were able to collect their additional credits or participate in the voucher competition.
Instruments
The evaluation was based on questionnaires completed online three times (pre, post, and one month follow-up) (IBM Corp, 2016) . The outcomes were divided into primary and secondary ones.
Primary outcomes
Since the PPI studies focus primarily on happiness and depressive symptoms (Bolier et al., 2013; Sin and Lyubomirsky, 2009 ), these outcomes were also selected as primary ones in this study.
Happiness was measured using the German version (Gander et al., 2013) of the established Authentic Happiness Inventory (AHI), which contains 24 items on the level of happiness experienced last week. These have to be rated, adjusted to each item, on a five-point Likertscale from 1 (e.g. "I felt like a loser") to 5 (e.g. "I felt exceptionally successful"). The internal consistency (Cronbach's alpha) in our study was α = 0.90 (pre-intervention).
To assess depressive symptoms in the past week, the short form of the Center for Epidemiological Studies Depression Scale Revised (CESD-R) was chosen. The German version was developed by Hautzinger et al. (2012) and consists of 15 items with a four-point Likert-scale (ranging from zero to three). Internal consistency in our study was α = 0.82 (pre-intervention).
Secondary outcomes
In order to shed more light on the efficacy of the interventions, we have added further outcomes, namely humor-related constructs and subjective perceived change. Coping humor was measured using the Coping Humor Scale (CHS), which measures the amount of humor used to deal with difficult life events (Martin and Lefcourt, 1983) . We translated and back-translated the items into German and received help from native speakers. Seven items with a four-point Likert-scale (ranging from one to four) showed an internal consistency of α = 0.71 (preintervention).
The amount of cheerfulness, seriousness, and bad mood was measured by the German version of the State-Trait-Cheerfulness Inventory (STCI) in the state version (Ruch et al., 1996; Ruch et al., 1997) . The questionnaire consists of 30 items with a four-point Likert-scale (ranging from one to four) and internal consistencies for the three scales (pre-intervention) were α = 0.94 (cheerfulness), α = 0.77 (seriousness), and α = 0.94 (bad mood).
Finally, we wanted to evaluate the subjective perceived change of the participants and used the Bochum Change Questionnaire 2000 (BCQ-2000), which is a German instrument for measuring the subjective perceived change in psychotherapy (Willutzki et al., 2013) . The questionnaire consists of 26 items, which are answered on a continuum of one to seven (seven-point Likert-scale). Each item starts with the same instruction "Compared to the time before psychotherapy …" and ends with an individual answer (from 1 e.g. "I feel more insecure" to 7 "I feel more secure"). However, since the study evaluated an online intervention rather than psychotherapy, we changed the initial instruction to "Compared to the time before the intervention…". As the BCQ-2000 is a questionnaire for directly perceived change, it was handed out only at post and follow-up. The internal consistency of the questionnaire (with the adapted instruction) was α = 0.94 (post-intervention).
Statistical analyses
All analyses were calculated using IBM SPSS Statistics 24 (IBM Corp, Armonk, NY, USA). Demographic characteristics between completer and non-completer were compared with the Chi-square test for categorical data and the independent samples t-test for continuous data. Baseline differences in outcomes were calculated using independent samples t-tests with Bonferroni correction (for completer vs. non-completer) and a one-way ANOVA (for the four intervention groups). Primary and secondary outcomes were analyzed according to the intention-to-treat principle (ITT). However, missing data from non-completers were not imputed; instead, linear mixed models (LMM) with restricted maximum likelihood estimation (REML) and unstructured covariance type were calculated, since LMMs can overcome the problem of missing data without imputation techniques (Gueorguieva and Krystal, 2004) .
Each condition (coping humor, three funny, and three good things) was compared with the placebo control condition (early memories). Main effects of group and time and group by time interactions were considered in the analysis. In addition, post-hoc tests with Bonferroni correction at post and follow-up between the respective conditions were calculated. Effect sizes of main effects and interactions (η 2 p ) and posthoc tests (r) were calculated using the formula of Field (2005) . Levels of η 2 p are categorized as small (≤0.06), medium (≤0.14), and large (> 0.14) and levels of r as small (≥0.10), medium (≥0.30), and large (≥0.50) based on Cohen (1988) .
Results
Sample characteristics
Of the 285 people, who clicked on the link and read the invitation text, 182 (63.9%) agreed to informed consent and completed pre-intervention measures (final sample for ITT analysis). The participants N. Tagalidou, et al. Internet Interventions 17 (2019) 100242 were rather young with an age between 18 and 61 years (M = 24.91; SD = 8.22) and predominantly female (n = 155, 85.2%). The majority had German citizenship (n = 132, 72.5%) and studied (n = 145, 79.7%). 1 The total sample size of completers was smaller. A total of 106 persons completed all follow-up measures (58.2%). The dropout rate was 41.8% overall, ranging between 34.6% and 48.6% for the conditions, and did not differ between the conditions (χ 2 (3, N=182) = 2.43, p = .488). For a detailed flow of the study, see Fig. 1 .
Completers did not differ from non-completers in their baseline scores of happiness (t (180) = 0.35, p = .727), depressive symptoms (t (180) = −0.64, p = .525), coping humor (t (180) = −0.36, p = .718), cheerfulness (t (180) = 0.90, p = .369), seriousness (t (180) = −1.12, p = .265), and bad mood (t (180) = −2.06, p = .041). Furthermore, they did not differ in sex (χ 2 (1, N=182) = 0.09, p = .759) and nationality (χ 2 (1, N=182) = 0.24, p = .627). However, they differed in age (t (180) = −2.08, p = .039) and studies (χ 2 (1, N=182) = 4.30, p = .038) with completers being younger and more often students (n = 90) compared to non-completers (n = 55). Table 1 summarizes demographics for completers and non-completers.
Lastly, participants of the four conditions (ITT sample) did not differ in their baseline scores of happiness (F (3,178) = 0.97, p = .411), depressive symptoms (F (3,178) = 1.98, p = .119), coping humor (F (3,178) = 0.26, p = .853), cheerfulness (F (3,178) = 0.64, p = .591), seriousness (F (3,178) = 2.37, p = .072), and bad mood (F (3,178) = 0.18, p = .911). Observed means and observed standard deviations of the four conditions can be found in Table 2 .
Primary outcomes
As can be seen in Table 3 , the interventions did not produce much efficacy. There have been found main effects of time in happiness and depressive symptoms for nearly all interventions indicating changes of outcomes in all groups (three PPI as well as early memories). Although there have been found also group by time interactions for all interventions in happiness and the three funny things intervention in depressive symptoms, post-hoc tests with Bonferroni correction did not reveal significant differences between the experimental and control conditions -except for coping humor. For coping humor, an improvement in happiness with small effect size was found at follow-up (t = 2.25, p = .028, r = 0.29). Furthermore, there have been a difference in depressive symptoms with small effect size at post and a trend with small effect size at follow-up (post: t = −2.01, p = .049, r = 0.25; follow-up: t = −1.80, p = .077, r = 0.24). Three funny things and three good things did not significant differences compared to the control condition.
Secondary outcomes
Again, the interventions did not reveal a consistent pattern of efficacy.
Coping humor could not be changed significantly by any intervention, when compared to the control condition. For the other outcomes there were found primarily main effects of time showing changes irrespective of the intervention. Group by time interactions were found for three funny things (in cheerfulness: F (2, 60.35) = 3.04, p = .055, η Regarding post-hoc tests, there were found only occasional effects: three funny things at follow-up in cheerfulness with medium effect size (t = 2.55, p = .014, r = 0.32) and coping humor at post in seriousness with medium effect size (t = −2.77, p = .008, r = 0.38).
Interestingly, for subjective perceived change three funny things and three good things show an identical pattern. At post intervention, there were no differences with the control condition. However, at follow-up, the experimental conditions showed better outcomes compared to the control condition. The effect sizes were small (subjective perceived change: r = 0.26).
Discussion
The results of the present study could not replicate the results of existing research with web-based humor interventions (Gander et al., 2013; Proyer et al., 2014; Wellenzohn et al., 2016a, b) . Although previous studies showed encouraging results, the efficacy in this study was generally small. In summary, it can be said that the main effects of time for almost all outcomes indicate changes, regardless of treatment. This assumption is supported by the fact that post hoc tests do not show many significant differences in post and follow-up: In primary outcomes, coping humor was the most effective intervention that improves happiness and reduces depressive symptoms. As far as the secondary results are concerned, no uniform pattern of effects can be found since only occasional effects were observed. In the following we would like to discuss the results and explain why they differ so much from other studies in this field. In addition, we will present ideas on how to conduct future studies.
Happiness and depressive symptoms could not be improved by the already widely studied interventions three funny things and three good things. This is surprising, as both interventions have already shown sustained efficacy in short and long-term comparison to placebo control condition (Gander et al., 2013; Proyer et al., 2014; Seligman et al., 2005; Wellenzohn et al., 2016a, b) . One aspect that can explain the different results is that the previous studies mainly used completer analysis (participants filled in all post-and follow-up measures). Dropouts were not considered in the analysis. In our study, intention-totreat (ITT) was used to include all participants in the analysis who completed pre-intervention measures and were randomized to an intervention (independent of dropout). By including completers and noncompleters in the analysis, a more realistic and unbiased effect of the intervention can be estimated (Gupta, 2011) , as interventions in real life always suffer from discontinuation and non-compliance. Since the dropout rates in this and other web-based PPI studies are relatively high, it would be necessary to integrate them into the analysis in order to achieve a more conservative effect of the interventions. In summary, due to our stricter and more conservative analytical approach, the results of our study cannot be directly compared with the results of other PPI studies that have performed completer analyses.
Another important aspect to explain the small effects in the primary outcomes is that the participants in our study did not show high levels of depressive symptoms. The mean of 11.26 (SD = 5.98) is clearly below the cut-off score of 17, which indicates the possibility of having a (at least mild) depressive episode in CES-D (Hautzinger et al., 2012) . As stated by Sin and Lyubomirsky (2009) and Bolier et al. (2013) , the efficacy of PPIs is higher when participants have psychosocial problems or even depressive symptoms. Depressive symptoms in our sample were relatively small, which may also explain the small impact of the interventions.
In addition to psychosocial problems and depression, another moderator of efficacy is worth a look. Sin and Lyubomirsky (2009) found in their meta-analysis that participants who decided to participate independently benefited more from PPIs than participants who did not decide to participate independently. In our study, a large part of the sample (n = 95, 52.2%) were students who received additional credits for their participation and thus primarily had an external incentive -an extrinsic motivation -to participate in the study. This conclusion can be confirmed by the sample characteristics, where the completers were 1 The overrepresentation of German students in the sample is a local phenomenon in Salzburg and does not indicate recruiting problems. Many students, especially psychology students, come from Germany to study in Austria and are therefore overrepresented. N. Tagalidou, et al. Internet Interventions 17 (2019) 100242 significantly more students than the non-completers. Most of the studies published in the literature included participants interested in PPIs and positive psychology in general. They were, it can be concluded, intrinsically motivated to apply the respective PPIs and probably expected big changes or had much hope of moving in the desired direction. Many studies in psychotherapy have shown that expectation and hope are important non-specific factors in psychological interventions and have a strong impact on outcomes (Wampold and Imel, 2015) . This moderator should not be underestimated, and future studies should consider less interested and motivated samples and compare them with highly motivated participants. In this way, the effects of interest and motivation as moderators of the efficacy of PPIs can be investigated and thus shed light on the basic working mechanisms of these interventions. As a final point of discussion it should be mentioned that the participants of our study had to make their daily entries into a file on the online platform and these entries were checked daily by the responsible investigator. Only if participants showed adherence to the protocol they were labelled as completers. The control of entries in online PPI studies is relatively new, as most prior studies did not control adherence with the intervention. Control of adherence has several advantages: First, it shows whether and how participants really participate in the intervention and how they feel committed to the protocol. Secondly, the content of the diary entries can be qualitatively analyzed and provides important information about the situations and emotions that people experience during their diary week. Third, the daily memories of filling out the diary can lead to greater engagement in the intervention and encourage compliance. Although there are several advantages, disadvantages should not be underestimated (Gunthert and Wenze, 2012) : A major problem could be that participants may experience dissatisfaction, not commitment, caused by the obligation to write diary entries repeatedly (Scollon et al., 2003) . In addition, participants may feel compelled to report something at the end of the day and thus change their behavior to at least report something (Barta and Tennen, 2008) . Third, knowing entries are controlled can lead to mistrust and reduction in openness and, in the worst case, to simulated entries that have nothing to do with daily experience. Finally, the control of the entries requires consistent observation and is time-consuming. But although there are certain disadvantages in monitoring adherence to the protocol, we encourage researchers to monitor diary entries in future studies to get a more detailed picture of compliance with intervention and the quality of diary entries in PPIs. This will improve the methodological quality of the studies.
As already mentioned, three funny things and three good things did not show the expected efficacy. Reasons for the small effects are mentioned above. However, coping humor increased happiness and decreased depressive symptoms. The results of our study show that promoting a humorous reappraisal has stronger effects on well-being, positive emotions and mental health than savoring positive emotions (three fun/ good things). These results are not surprising as the ability to use humor to cope with stress has been widely studied and the results of this study are consistent with encouraging findings from the past. The studies show that reappraising negative situations is a change of perspective that reduces negative affect and increases positive affect in the short term (Samson et al., 2014; Samson and Gross, 2012) . In addition, humor trainings that explicitly focus on promoting coping humor also show positive long-term effects on various mental health outcomes such as depressive symptoms, well-being or affect (Ruch and Hofmann, 2017) .
Although effects were found in our intervention, they are small and do not surpass the effects of established humor training (Ruch and Hofmann, 2017) . One possible explanation could be that the intervention is significantly shorter (one week) than humor training (at least seven weeks) and that time can be an important element for efficacy. Since the ability to use coping humor needs to be learned, people may need more time to intensively develop this personal resource. It would be interesting to conduct additional studies with different intervention times and to see how much time it takes to apply coping humor regularly in life. Ultimately, this study and earlier studies suggest that coping humor is a remarkable construct, so the intervention should be further explored.
Going further, as recommended by Wellenzohn et al. (2016a) , our study not only investigated the effects of PPIs on happiness and depressive symptoms, but also considered additional outcomes, especially humor-related, that are of particular interest for humor PPIs.
The ability to cope stress with humor could not be improved by any intervention. Although the intervention coping humor was specifically aimed at coping humor skills, no specific effects were found for this intervention. These results are unexpected and can be explained by the coping humor measurement tool. The Coping Humor Scale (CHS) measures humor as a trait (Martin and Lefcourt, 1983) . There is no state measure to assess this construct. However, all other results have been measured using change-sensitive (state) questionnaires, which are better suited for intervention studies. Therefore, it appears necessary to develop a state form of CHS that is more susceptible to interventional changes. Another reason for the small effects might be the short intervention time. A longer intervention, in which the participants can train humor in detail, could be helpful to better promote the reappraisal technique.
Regarding the emotional component of humorous behavior (Ruch, 2012) , there was no uniform pattern of effect for cheerfulness and its subscales. Although some effects were found, the results should not be overestimated. We did not expect these inconsistent results because the interventions three funny things and coping humor explicitly focused on humor and cheerfulness. These small effects can best be explained for the reasons given above: ITT analysis, relatively healthy sample, Notes. a = sum scores.
primarily extrinsic motivation of participants. In addition, it is possible that the interventions were too little intense and low-threshold to promote cheerfulness. A more intensive intervention, such as humor training, could have been more effective to increase cheerfulness. Finally, we also wanted to evaluate the subjective perceived change through the interventions. The results show a delayed improvement compared to the control group for three funny and three good things; coping humor showed no significant changes. Since this was the first time that subjective perceived change was evaluated in studies with PPIs, conclusions are difficult to draw. Further studies are needed to explain the effects in a substantiated way. However, the delayed improvement in perceived change may indicate that PPIs have positive effects that unfold after some time and not immediately after treatment, as participants remain receptive to the learned intervention and benefit from it in daily life. This assumption has already been tested in longterm studies and the results confirm this thought as the effects remain stable over six months (Gander et al., 2012; Proyer et al., 2014; Wellenzohn et al., 2016a) .
In summary, our interventions could not replicate the promising results of other studies with humor-based PPIs and PPIs in general (Gander et al., 2012; Proyer et al., 2014; Seligman et al., 2005; Wellenzohn et al., 2016b) . The effects were smaller and often did not exceed the placebo control condition. Newly added outcomes could not be improved as originally assumed. Possible reasons for the different results were described and let the small effects appear in a different light. Further studies are essential to get a better overview of the effects of PPIs and the underlying working mechanisms.
Limitations
In general, the study included a rather small sample size. To detect small effects, a much larger sample would have to be recruited. However, due to time and resource constraints, this was not possible in our study, but it would have been better for the interpretation of the results (and the detection of smaller effects) to attract more participants for each condition. Second, due to the large number of students, the study treated a fairly homogeneous and well educated sample. Third, the Coping Humor Scale (CHS), as already mentioned, is a trait and not a change-sensitive state questionnaire. Change-sensitive instruments would be better suited for intervention studies. In addition, the BCQ-2000 is a retrospective questionnaire of perceived change, which may be based on retrospective bias. However, studies show that the questionnaire is reliable and can therefore be an efficient tool for investigating subjective perceived change (Ülsmann and Fydrich, 2013) . Nevertheless, if perceived change is to be thoroughly investigated, additional measurement tools should be used to minimise retrospective bias. Third, longer follow-up periods could provide important information on longer intervention effects. Finally, some results show no normal distribution. Especially bad mood violates the assumption in any condition and should therefore be interpreted with caution.
Implications for the practice
First, the results of the study show the need for further research. Although our effects have been small, previous studies show the efficacy of (humorous) PPIs. Replicative studies must bring clarity to the discrete results.
In addition, the monitoring of diary entries is important in order to adequately evaluate the interventions. Previous studies did not evaluate the response rate of the entries and assumed general compliance of the participants. Monitoring the entries is more time-consuming, but the benefits outweigh the effort. Finally, if we assume that online humor PPIs make a lasting contribution to improving mental health and well-being, then the many applications should be taken into account (clinical settings, prevention services, etc.). Online PPIs are a cost-effective and uncomplicated way of preventing mental stress. In addition, it helps people to perceive the positive aspects of their lives better and thus promotes joie de vivre.
Conclusions
The results do not show a clear pattern of efficacy for a PPI. In contrast to other studies, the promising results could not be replicated.
Coping humor showed the best effects on primary outcomes compared to other interventions. In the secondary outcomes, three funny and three good things led to some expected changes that should not be overestimated. Several reasons are discussed why the results of this study differ so much from those of others. Ultimately, the results show the need for more differentiated research in order to develop basic working mechanisms of PPIs.
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